Teachers need to be aware of biology misconceptions in their classrooms and how to address them. In response, researchers and science educators have suggested and examined effective practices to prevent and ameliorate misconceptions. An extensive review of the literature gives researchers and educators insights into trends, practices, and gaps in the misconceptions research and helps decide which issues to address and why. The current study shares how researchers in Turkey conduct a content analysis of published misconception research in Turkey by using a form. The analysis resulted in a meta-synthesis (thematic content analysis) that inventoried and compared the purposes, research methods, data collection instruments, and findings of the selected publications. Biology educators in other regions of the world can inform their practice by using this instrument and research methods to learn about trends and patterns in misconception research. Researchers will gain insights into effective methods that have been used to examine misconceptions and will be able to identify biology misconceptions that have been under-investigated and need further analysis.
Introduction
Awareness of and issues with misconceptions and student learning have been noted in the literature for many years (Caravita and Halldén 1994; Driver and Easley 1978; Monteiro et al. 2012) . Yip (1998) explains that misconceptions are the thoughts and ideas posed by students that are inconsistent with scientific knowledge. Student misconceptions may arise from their experiences, the language used during daily communications, their teachers' content knowledge and their textbooks (Ault 1984; King 2009 ). Students develop concepts at an early age as they explore their physical and social world. Children's misconceptions about natural phenomena often develope before they participate in formal schooling (Driver 1988) . A number of studies have noted, however, that teachers may possess misconceptions that can be the cause of students' alternative ideas (Larkin 2012) . When these alternate conceptions make perfect sense to learners they are particularly difficult to change or shed (Allen 2010) .
Misconceptions compromise learning, especially meaningful learning. More than just memorising facts, meaningful learning takes place when students make connections between previous understanding and new knowledge (Driver 1989) . If the existing concepts students possess are flawed or incorrect, the foundation on which they build new information will in turn be compromised (Vosniadou 1994 ).
In addition to identifying students' alternative ideas, there have been investigations in how to address and correct misconceptions (Tanner and Allen 2005; Tekkaya 2002 ). The results of these studies and others discuss how the following strategies can help correct students' misconceptions: concept mapping (Kinchin 2000; Novak and Gowin 1984; Ross and Munby 1991; Sanders 1993) , stories and explanations that challenge misconceptions (Johnstone, McAlpine, and MacGuire 1986; Novak and Musonda 1991) , and predict-observe-explain activities (Bilen, Köse, and Uşak 2011; Liew and Treagust 1995) .
While students can have misconceptions in any discipline, they are often investigated in the sciences, including biology. The content and complexity of biological concepts and the abstract or hidden aspects of natural phenomenon cause biology to be an especially hard subject to teach and to learn (Bennett 2003; Brown and Schwartz 2009; Rotbain, Marbach-Ad, and Stavy 2008; Schmid and Telaro 1990; Sesli and Kara 2012) . Many notable studies have discussed strategies to identify misconceptions in biology (Kinchin 2000; Liu and Lee 2013; Pearsall, Skipper, and Mintzes 1997; Pugh, Koskey, and Linnenbrink-Garcia 2014) . Likewise, there have been studies focusing on how to address and change student alternative biology conceptions (Duit and Treagust 2003; Kubisch and Heyne 2016; Lucero and Petrosino 2017; Wandersee, Mintzes, and Novak 1994) . Students can form alternative ideas about biological functions in the human body (hormones, the nervous system, reproduction), genetics (mitosis, meiosis, mutations), ecology (natural selection, food webs), and so forth. More advanced topics and new technologies such as those related to genetic engineering and bioinformatics are adding more complications to the (Johnston and Mahmoud 1980; Tekkaya, Özkan, and Sungur 2001) . Given the increase in research related to biology misconceptions, there is a need to review these studies to better inform teacher educators, teachers and pre-service teachers about themes and patterns, we can more effectively address student misconceptions, and ideally prevent them from forming in the first place.
In Turkey, biology concepts are first introduced to students during primary school in a subject called Life Science. Biology lessons continue within science classes in the middle school. In high school, students take formal biology classes and some students focus mainly on biology during their last two years of schooling. Students wishing to become biology teachers in Turkey take science and biology courses at the beginning of their undergraduate studies and then take pedagogy courses in their last year at university.
Turkish educators and researchers have been investigating misconceptions in biology learning for several years (Çelikler and Aksan 2011; Güneş et al. 2010; Özay and Öztaş 2003; Tekkaya, Çapa, and Yılmaz 2000; Yakışan, Selvi, and Yürük 2007) . However, a comprehensive review of these studies has yet to be conducted. The current study provides an overview of a variety of published research of misconceptions in biology. It adapted and used a tool called the Paper Classification Form to inventory and analyse the studies. By categorising practices and patterns, this inquiry will inform educators about efforts taken to identify and address misconceptions. Researchers can use the results to gain insights into the methods and extent of misconception research. The following research question and sub-questions guided the investigation:
How does the adapted Paper Classification Form facilitate a meta-synthesis study of published research about misconceptions in biology?
• What are the purposes of research studies on misconceptions in biology?
• What are the characteristics of research studies on misconceptions in biology with regard to research methods, the sample and size, data collection tools and data analysis methods? • What are the trends and patterns in research studies on misconceptions in biology?
Method
Through a content analysis of selected published studies, this study identified trends and patterns in research related to biology misconceptions in Turkey. Neuendorf (2002) defines content analysis as 'a summarizing, quantitative analysis of messages that relies on the scientific method and is not limited as to the types of variables that may be measured or the context in which the messages are created or presented' (10). Krippendorff (2004) states that content analysis is 'a research technique for making replicable and valid inferences from texts (or other meaningful matter) to the context of their use' (18).
Overall, analysing published literature involves reviewing articles to identify overarching patterns and conclusions. Çalık and Sözbilir (2014) have grouped content analysis under three subheadings: descriptive content analysis, meta-analysis, and meta-synthesis. In this study, the research design is meta-synthesis, which involves analysing and evaluating a group of studies that are conducted within the same domain (Çalık and Sözbilir 2014) . Typically, a meta-synthesis entails reviewing hundreds of articles. Since a limited number of articles (N = 67) were analysed in the current study, a more specific description of the design is: An in-depth investigation and interpretation of selected articles through meta-synthesis.
Method of data collection
Relevant articles for the current study were collected primarily through academic search engines. The following databases were used for this study: Institute for Scientific Information (ISI), Web of Science, Scopus, EBSCOhost, ULAKBİM and Academia Social Science (ASOS) Index. The main search terms used were 'Biology' and 'misconceptions. ' Follow up searches were conducted using other terms for misconception cited in the literature, such as alternative conceptions (Hewson and Hewson 1983) and misunderstanding.
In addition to limiting articles to biology misconception research, other parameters were set for the investigation. Firstly, only articles published in or about Turkey were selected. Secondly, to explore only twenty-first century trends in biology misconceptions, publication dates were restricted to 2000 to 2014. Thirdly, the search was limited to research-based studies only and did not include theoretical studies. Finally, only investigations that involved elementary, middle and high school students, and pre-service teachers were considered. As a result of this search and screening process, 67 published articles were identified for the content analysis.
To review and analyse the articles, the researchers received permission to adapt and use the Paper Classification Form (PCF) (given in Appendix 1) developed by Sözbilir, Kutu, and Yaşar (2012) . To ensure the validity of the instrument in addressing the research questions, the instrument was adapted to better categorise the articles. The most important alteration was to include identification of the biological concepts addressed. Items about data collection tools, research method and data analysis method were also slightly adapted or shortened.
To measure the reliability, 8 (12%) of the sampled articles were selected randomly and, along with the instrument, given to biology educators and students who were earning their master's degree in biology education. They were instructed to use the instrument to analyse the articles. The results were compared with the researchers' findings and any differences were discussed. Discussions resulted in either an adjustment to the PCF or reviewing the analyses until consensus was reached.
Data analysis
The research questions for this study guided the organisation of the content analysis data. Once the revised Paper Classification Form was found to be reliable, the researchers used it for each of the 67 articles. The forms were reviewed to develop coding categories; these codes were based on the form itself supported with a review of the literature (Prasad 2008) . As codes were developed, new categories were created and some of them were changed according to the needs of this study. In this study, codes were tabulated through the descriptive statistics by using Excel and the Statistical Package for Social Science (SPSS) package, version 19.0.
Results
Of the 67 articles reviewed for this study, the largest number were published in 2013 (20.9%) and no study was published 2001. Figure 1 shows the percentage of articles published about misconception in biology from 2000 to 2014.
Regarding the target audiences of the studies, around 41% of the articles were conducted with pre-service teachers. There were also studies that worked with middle school (25%) and high school (23.5%) students. A few of the studies (5.9%) collected data from elementary school students. Most of the studies used samples ranging from 31 to 100 participants. The next most commonly used sample sizes ranged from 101 to 300 (28.4%). Less than 2% of the studies sampled fewer than 10 participants; a comparably small number of studies were conducted with over 1000 participants.
The research methods used by the articles were classified as qualitative, quantitative and mixed research methods. Among the articles investigated, 43% were qualitative and 45% quantitative; only 12% used mixed methods. Among the articles using quantitative methods (solely or mixed), 25.4% employed descriptive and 28.2% used inferential statistics.
The analysis shows that the most popular data collection tools were achievement tests (17.8%), diagnostic tests (18.7%) and interviews (11.9%). In addition, most of the reviewed studies were conducted using a single data collection tool (55.4%), while 35.5% used a combination of two different data tools. Just over 9% of the studies relied on three or four data collection tools. Figure 2 shows the types of questions used within achievement, diagnostic, attitude and conceptual understanding tests. The studies that use these types of questions were categorised based on the following question types: multiple choice, open ended, two-tier multiple choice and Likert type. The most popular question types were multiple choice (41%) and open-ended (38%). Two-tier multiple choice (8%) and Likert type (6%) questions were used less frequently.
The content analysis was also used to categorise the different purposes of the selected studies (see Figure 3) . The target of most of the articles was to identify the misconception under investigation (44.1%). Around 20.2% of the articles focused on a treatment to observe the effectiveness of an instructional strategy to prevent or eliminate misconceptions. A similar amount of the articles (19.1%) investigated cognitive structures.
There were 21 articles that investigated conceptual change strategies. As shown in Table 1 , the number of studies that focused on this approach became more popular over time, starting with only two studies during the period of 2000-2004 and increasing to 19 in 2010-2014 .These studies were categorised into nine areas: analogy and modelling, computer and laboratory, concept cartoon, concept mapping, conceptual change text, cooperative learning, dual situated learning model, mind map and POE (Prediction-Observation-Explanation). As seen in Table 1 , concept mapping (n = 6) is the most popular method used to prevent or eliminate misconceptions. The distribution of biology topics investigated over the years is given in Table 2 . The topics were divided into the following areas: general, cell biology, human health and physiology, and environment and ecology. These topics were further divided into subtopics. Many of the articles focused on more than one subtopic; therefore, the total number of topics is greater than the number of articles reviewed. Most of the investigated subtopics fell within the topic of general biology (n = 40). There was no notable increase or decrease in which topic was investigated over the years, nor was any subtopic studied remarkably more than others. Although cell biology may be considered a general biology topic, it was pulled out into a separate subtopic because of the larger number of studies (n = 14) that focused on either genetics or cell division or both. This subtopic also seemed to increase in popularity over the years; while only two studies focused on cell biology 
Discussion
The analysis of the results identified specific findings that give insights into how misconceptions were studied in Turkey from 2000 to 2014. The investigation revealed trends in the number of studies, the purpose of the investigations, target audiences, and research methods. In addition to quantifying trends and patterns in misconception research during the study period, the current study also contemplated reasons behind outcomes. Two other studies that conducted a literature review and content analysis are frequently referenced in this following discussions: Gül and Sözbilir 2015; Sözbilir and Kutu 2008. These studies looked at biology education trends in general; some of their findings provide additional insights into research related to misconceptions revealed in the current study.
Trends in research studies related to biology misconceptions
Given that misconceptions affect students' learning processes at all levels of their education, it is no surprise that studies about misconception have been increasing in the field of biology education. It was curious that there was a drop in 2014; this could merely be a result of articles being in press and not available in the search engines used for the content analysis. A post hoc search revealed that at least six studies were published in 2015.
It is possible that the focus on eliciting of misconception is declining and other topics related to improvement and application of new teaching strategies, such as project-based learning and service learning, are becoming more popular to investigate. Gül and Sözbilir (2015) and Sözbilir and Kutu (2008) report that 'teaching-focused' biology education research prevails over papers related to student learning and attitudes. It seems that investigation into the effectiveness of the variety of teaching methods has gained importance among biology researchers. There were also a large number of articles that focused on teaching attitudes about these methods (Chang, Chang, and Tseng 2010; Köse, Gül, and Konu 2014) . Although the studies may not be directly about misconceptions, research into both methods and teacher attitudes can help address or avoid misconceptions and support meaningful learning.
Investigative purposes
The majority of publications analysed for this study (42.4%) had a goal of identifying one or more misconceptions held by pre-service teachers. Studies that aimed to identify misconceptions of pre-service teachers have an important role in increasing awareness of the learning needs of pre-service teachers. The instrument used for this study did not discriminate among elementary, middle or high school pre-service teachers, mainly because reducing misconceptions in students is important for teachers of all grade levels (Larkin 2012; Tekkaya, Çapa, and Yılmaz 2000; Yakışan 2013) . Several of the studies that involved pre-service teachers noted that their participants became aware of issues associated with misconceptions. They appreciate the importance of recognising and addressing misconceptions among their students when preparing their lesson plans.
The purpose of around 20% of the articles reviewed in this study was to examine how conceptual change strategies can be used to address students' incorrect scientific beliefs. Lappi (2012) defines conceptual change as a transformation of prior conception to new concepts. Conceptual change strategies are mostly used to change students' incorrect scientific beliefs. Conceptual change provides the opportunity to elicit students' prior conceptions (Fulmer 2013) . Therefore, the aim of education should not only focus on eliminating the misconceptions; it should also enable students to correctly develop new information. In the literature, a number of studies have shown how these strategies are used to discover students' cognitive structures (Akyürek and Afacan 2013; Alparslan, Tekkaya, and Geban 2003; Ekici, Ekici, and Aydın 2007; Kurt 2013; Ratinen, Viiri, and Lehesvuori 2013) . Other studies that have conducted content analysis of biology education teaching methods have revealed that conceptual change models are often employed in biology classes (Gül and Sözbilir 2015; Köse, Gül, and Konu 2014) .
Finally, around 19% of the reviewed articles focused on the investigation of cognitive structure. Investigation of cognitive structure aims to understand how students associate concepts in their minds and helps students to visualise what kind of misconceptions they have. It also shows teachers and educators the ways students think about a concept. Several studies conducted in Turkey and around the world have shown that investigation into the cognitive structure has gained importance in science research (Çakmak and Akçöltekin 2012; Cinici, Sözbilir, and Demir 2011; Kostova and Radoynovska 2010) . Chang, Chang, and Tseng (2010) classified 1401 science education articles according to their research topics and reported that the articles mainly focused on students' conceptual understandings and conceptual change in the learning process. Kurt and Ekici (2013) used a word association test and the drawing-writing technique to understand pre-service teachers' cognitive structures. They sought to understand how pre-service teachers construct knowledge and how they structure the concepts in their minds, more than just what they know about the concepts.
Target audiences
Given that the purpose of most of the studies found for this review was to investigate misconceptions in pre-service teachers, it follows that the target audience in the majority of the studies (40.9%) was pre-service teachers. Clearly, researchers are concerned that teachers' insufficient subject area knowledge and misconceptions may be an origin of misconceptions. If pre-service teachers' misconceptions are not revealed or corrected, when they become teachers they may transfer their misconceptions to students (Yangın, Sidekli, and Gökbulut 2014) .
After teachers, the next most studied population were middle school students and high school students. In Turkey, biology is introduced to students in middle school in their science and technology classes. It is not until high school that they take a specific course in biology. Therefore, middle school provides a good opportunity to provide a strong foundation in biology education. A reason researchers may select this population is because this is the age when students are constructing meaning and understanding about biology; it is an ideal time to avoid misconceptions. Clough and Robinson (1985) have noted that even students who are 16 and older age group may persist to change their learning, they show improvement in their understanding and change believes about scientific incorrect ideas than from 12 to 14 years.
On the other hand, as stated at the beginning of this paper, children form many misconceptions before entering school or during their elementary school years. Unfortunately, only a few articles (6.1%) in this review focused on elementary students' misconceptions about biology.
Popularity of biology topics investigated
A considerable proportion of the articles (18%) focused on the topics of environment and ecology. These studies intended to identify misconceptions in order to prevent them, and to develop meaningful learning. They also sought to raise students' awareness of environmental issues. In the literature, other studies that used content analysis also determined that environment and ecology are the most studied topics in biology education in Turkey (Gül and Sözbilir 2015; Köse, Gül, and Konu 2014) .
Another popular area of study (15.7%) was genetics and cell division. Therefore, studies in this area may have increased to further understand why and how students have difficulty with these topics. In their content analysis, Asshoff and Hammann (2008) found that misconceptions in genetics and ecology were popular topics among the articles they reviewed.
Gaps in research about biology topics
One aim of the current study was to reveal gaps in the literature about research into biology misconceptions. To create a list of biology topics commonly studied in Turkish schools, the researchers referred to the Turkish Ministry of National Education biology high school curriculum. The meta-synthesis revealed that no studies investigated misconceptions in the following biology topics:
• Nervous system • Sensory organs • Support and movement system • Evolution Moreover, although environment and ecology were popular topics to investigate, most of the studies focused on the greenhouse effect and global warming. Other topics such as biodiversity, sustainability, natural resources, and human effects on pollution were excluded. In their studies, Erdoğan, Marcinkowski, and Ok (2009) reported that environmentally responsible behaviour and socio-political knowledge received very little attention in the area of environment and ecology studies.
Research methods
Unlike other studies that have reviewed the literature, the meta-synthesis for the current study showed that a comparable number of studies used quantitative analysis methods (n = 30) and qualitative analysis methods (n = 29). Other studies found that researchers widely preferred quantitative methods in biology and science education (Erdoğan, Marcinkowski, and Ok 2009; Gül and Sözbilir 2015; Sözbilir, Kutu, and Yaşar 2012) . With quantitative methods researchers can interpret the data numerically and can measure the effect of an independent variable on dependent variables (Fraenkel and Wallen 2009) . Furthermore, studies that used experimental designs may aim to compare new attempts with old ones (Çalık et al. 2008) . Güven et al. (2014) suggest that quantitative methods may be preferred because qualitative methods require more time to conduct. One reason why the current study may not have found a preference for quantitative methods is that the nature of misconception studies requires deeper investigation into cognitive structures than into the interpretation of numerical values.
Only a few of the studies reviewed for this content analysis used mixed methods (12%). Mixed methods may provide even deeper understanding of the study and support the validity of the research. As Schram (2014) states, interviews with a sample group before a survey provide answers to why and how questions are answered in a certain way. This more thorough understanding can help researchers decide what to include in the survey.
Data collection instruments
Diagnostic tests and achievement tests that were developed by the researchers were the most commonly used tools to investigate students' and pre-service teachers' misconceptions in biology. Other researchers note that achievement tests are frequently used to collect data in biology education (Göktaş et al. 2012; Kızılaslan, Yaşar, and Sözbilir 2012) . According to Sözbilir, Kutu, and Yaşar (2012) , researchers prefer to use test-like assessments because they are easy to prepare and mark. Multiple choice type achievement tests have been found to be a popular means to assess student knowledge (Gül and Sözbilir 2015; Sözbilir, Kutu, and Yaşar 2012) . Er, Ramamurthy, and Pook (2014) argue that multiple choice type questions can efficiently assess students' cognitive skills, such as analysis, synthesis and evaluation.
Although multiple choice questions can assess students' level of knowledge and cognitive skills, they may not provide enough information to discover students' cognitive structures. Test-like assessment tools only evaluate what students know, not how they came to know, about the concepts. In other words, the tests reveal there is a misconception but the researcher does not learn how it was formed or why. Furthermore, Sanders (1993) indicates that not all incorrect answers identified during research studies necessarily show students have misconceptions. He observes that while researchers perform tests during their studies and report the results accordingly, they should discriminate between true misconceptions and wrong answers. Therefore, close-ended or multiple-choice questions may not provide adequate evidence to understand students' misconceptions and their cognitive structures.
Open-ended questions (38%) were the second most popular question types on the tests for this study. In their review of the literature and content analysis, Gül and Sözbilir (2015) reported that only 42 of 231 achievement tests in biology education consisted of open-ended questions. Hence, open-ended questions might be more effective at gaining insights into student misconceptions than multiple choice exams alone.
To gain even deeper insights into why learners think the way they do, many researchers use faceto-face discussions. In this study, a popular method used to collect data was through interviews. Another way researchers learned how students were thinking about a topic was through concept cartoons and roundhouse diagramming. Only a few of the studies included in the content analysis used these methods, however. Through face-to-face interactions, students may be more able to express concepts with their own words (Tatar and Cansüngü Koray 2005) . Moreover, the interview format allows students to give feedback and correct any inaccurate beliefs immediately. Allen (2010) warns that despite providing more descriptive data, the researcher should be aware that there is a chance students may share what they think the researcher wants to hear instead of what they actually believe.
Regarding the number of data collection tools, most of the studies used a single data collection tool (55.4%). There were 35.5% of the studies that used a combination of two different data tools. Other researchers that have conducted a content analysis of the literature also found that studies tend to use one data collection tool (Gül and Sözbilir 2015; Sözbilir and Kutu 2008; Sözbilir, Kutu, and Yaşar 2012) . Sözbilir, Kutu, and Yaşar (2012) argue that to improve reliability and validity, more than one data collection tool should be employed. In the literature, some misconception studies use more than one data collection tool to support results (Akyürek and Afacan 2013; Cinici 2013; Kurt 2013) . Perhaps using a single data collection tool in studies that investigate cognitive structures is not enough to acquire in-depth and strong results (Kurt and Ekici 2013) .
Conclusions
The Paper Classification Form used in this study facilitated the meta-synthesis of research studies related to misconceptions in biology. The findings from this study indicate that publications about misconceptions in biology have been increasing in Turkey. The categories that were formed and adapted helped the researchers to analyse data in a reliable and valid way. Further research about misconceptions can be proactively guided by the results of the analysis.
The content analysis also served to identify a variety of recommendations that practitioners can use to better address student misconceptions:
• Curriculum developers, educators and teachers should give more importance to the content of biology curriculum and textbooks; they should arrange seminars or meetings to discuss and evaluate current subject matter.
• Conceptual change strategies such as concept mapping, concept cartoon, and word association test should be supported in classrooms as alternative teaching methods and assessments.
• Students' misconceptions in biology may originate from other subjects, such as chemistry, physics and physical education. Supporting interdisciplinary training with activities and examples may support students' meaningful learning and help teachers observe students' learning processes efficiently.
• Conduct more investigations into pre-service teacher misconceptions to help teacher educators become aware of misconceptions and eliminate them in their methods courses.
This review also revealed some gaps in misconception research in Turkey. Important concepts in biology, such as the nervous system, sensory organs, support and movement system and evolution were found to be under-investigated regarding misconceptions. Furthermore, the study did not learn if there were investigations into how the social environment affects students' misconceptions, how student communication influences misconceptions, and how parents affect students' misconceptions. A future study could adapt the instrument to screen for these investigations.
Many of the findings from this meta-synthesis used in this study are relevant to other educators around the world interested in addressing student misconceptions. A main contribution of this study to the field is the adaptation and implementation of an effective tool to conduct a comprehensive content analysis of published research related to misconceptions. This tool, the Paper Classification Form (PCF), adapted from Sözbilir, Kutu, and Yaşar (2012) , can be used by researchers in other countries to inventory and analyse misconception cases in their communities or regions. Using this tool can help ensure that future research proactively targets gaps in student misconception education.
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